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Abstract
Bacterial skin microflora of eel obtained from Mugla (Turkey) province were studied.  The aero-
bic bacteria associated with skin and slime were estimated using the dilution plate technique.
The dominant bacterial species were Pseudomonas spp. (17.23%), Acinetobacter baumannii
(15.51%) and Stenotrophomonas maltophilia (12.05%).  A lower frequency of Gram-positive
bacteria (18.93%) was found in samples.
Introduction
Fish, as is true of any other food, can cause
health problems. It can be contaminated at
any time from the moment of capture until it is
eaten. Contamination can occur because
pathogenic microorganisms form part of the
normal flora of the fish. In other cases, toxic
substances are introduced through cross-
contamination, recontamination or faulty han-
dling and processing.
The flesh of healthy live or newly caught
fish is sterile as the immune system of the
fish prevents bacteria from growing on the
flesh. When the fish dies, the immune system
collapses and bacteria proliferate freely. On
the skin surface, the bacteria to a large extent
colonize the scale pockets. During storage,
they invade the flesh by moving between the
muscle fibers.
The natural distribution of Anguilla anguil-
la is in rivers near the North Atlantic, Baltic
and Mediterranean Seas. It has been intro-
duced to Asia, South and Central America
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but does not reproduce there. Its spawning
area is in the Western Atlantic (Sargasso
Sea; Wellcomme, 1988). They are also found
along the coast of Europe from the Black Sea
to the White Sea. Males remain in fresh water
for 6-12 years, females for 9-20 years. They
live on the bottom, beneath stones, in the
mud, or in crevices. At the end of their growth
period, they become sexually mature and
migrate to the Sargasso Sea (McClave et al.,
1988). The leptocephali are brought by the
Gulf Stream to the coast of Europe. This drift-
ing migration lasts up to three years (Tesch,
1977). They evolve into elvers and lastly
small eels before moving to freshwater
basins (Keith et al., 1992). They can reach a
total length of 150 cm and a weight of 6000 g.
Their foods include virtually the whole aquatic
fauna (Deelder and Anders, 1986). They are
an important food for human beings and are
utilized fresh, dried/salted, smoked or frozen
and can be fried, boiled or baked (Frimodt,
1995).
Bacteria associated with the skin and
slime of various fish have been reported in
several studies (Shewan, 1977; Beri et al.,
1989; Cahill, 1990). However, no information
exists about the skin microflora of the eel, A.
anguilla. Fish quality, in terms of safety and
keeping time, is highly influenced by non-visi-
ble factors such as autolysis and contamina-
tion and growth of microorganisms. The aims
of microbiological examination of fish prod-
ucts are to detect the presence of bacteria or
other organisms with public health signifi-
cance and to determine their hygienic quality
in relation to factors such as temperature
abuse during handling and processing and
their impact on shelf life and marketing poten-
tial. Consequently, the aim of this study was
to identify the bacterial flora associated with
the skin and slime of the eel A. anguilla. 
Materials and Methods
Fresh wild fish samples were taken from
Creek Yuvarlakçay, Mugla Region, Turkey,
from June 2000 to May 2001. Approximately
1-g samples of the skin and slime, taken on
the same day, were thoroughly rinsed three
times in sterile 0.85% saline to remove non-
floral bacteria and then homogenized in
aseptic conditions with a homogenizer.
Different fish samples were diluted in sterile
saline and 0.1 ml of the dilution was spread
on the surface of TSAg plates (Ringo and
Strom, 1994) which contained TSA (tryptic
soy agar, Difco) at 40 g/l and glucose at 5 g/l.
The plates were incubated at 25°C and
inspected daily for one week to allow growth
of slow-growing strains. The dominant colony
on each TSAg plate was determined.
Representative colonies of each dominant
type of bacteria were selected for characteri-
zation and subcultured three or four times to
obtain pure cultures. After confirmation of cul-
ture purity, the bacteria were cultivated in
tryptic soy broth (Difco) and stored in glycerol
(20%) at -20°C for further identification.
The bacteria were identified using stan-
dard biochemical tests. Each isolate was test-
ed for Gram reaction, oxidase and catalase,
pigmentation, growth on MacConkey agar
plates, and API 10S (bioMerieux) microtube
systems. Extracellular enzymatic activities of
dominant bacterial species were also deter-
mined with API ZYM systems (bioMerieux).
Finally, Gram-negative and Gram-positive
bacteria were identified as described in Holt
et al. (1994) and the diagnostic scheme
(Ringo, 1993), respectively.
Results and Discussion
The 116 bacterial isolates obtained from fish
skin were classified. The dominant bacterial
species were Pseudomonas spp. (17.23 %),
Acinetobacter baumannii (15.51%) and
Stenotrophomonas maltophilia (12.05%; Table
1). Most of the isolates were Gram-negative
rods and able to ferment some organic acids
and sugars (Fig. 1). Most of the isolated
Acinetobacter strains resembled the sapro-
phytic Pseudomonas in being able to use any
of a large number of organic carbons as an
energy source. (Holt et al., 1994). We com-
pared results with previously reported data but,
due to changes in the taxonomical positions of
bacteria, some of these identifications are now
out of date. The genus Pseudomonas, for
example, is divided into several genera such
as Comamonas, Stenotrophomonas, etc., and
Ugur et al.
91Microflora on the skin of European eel
Σ
Fe
br
ua
ry
M
ar
ch
Ap
ril
M
ay
-J
an
ua
ry
G
ra
m
-n
eg
at
ive
Ps
eu
do
m
on
as
sp
p.
17
.2
3
+
+
+
-
+
+
Ac
in
et
ob
ac
te
r b
au
m
an
ni
i
15
.5
1
+
+
+
-
+
+
St
en
ot
ro
ph
om
on
as
 m
a
lto
ph
ilia
12
.0
5
+
+
+
+
-
En
te
ro
ba
ct
er
 a
e
ro
ge
ne
s
8.
62
-
-
-
+
+
Ch
ry
se
ob
ac
te
riu
m
-S
ph
in
go
ba
ct
er
iu
m
sp
p.
8.
61
+
+
+
+
-
Ci
tro
ba
ct
er
 fr
eu
nd
ii
6.
89
-
-
+
+
+
Pr
ot
eu
s 
pe
nn
er
i
5.
14
-
+
-
+
M
et
hy
lo
ba
ct
er
iu
m
 e
xt
or
qu
en
s
3.
44
-
+
+
-
Se
rra
tia
sp
.
1.
72
-
-
-
+
Ae
ro
m
on
as
sp
.
1.
72
-
-
-
+
G
ra
m
-p
os
itiv
e
Co
ry
ne
fo
rm
s 
6.
88
+
+
+
-
M
ic
ro
co
cc
us
sp
.
5.
17
-
-
-
+
+
St
ap
hy
lo
co
cc
us
sp
. 
3.
44
-
+
+
-
-
Un
id
en
tif
ie
d 
ba
cil
3.
44
-
+
-
+
Σ
25
.8
4
27
.5
4
12
.0
5
34
.4
3
Ta
bl
e 
1.
  D
ist
rib
ut
io
n 
of
 s
kin
 m
icr
of
lo
ra
 o
n 
th
e 
Eu
ro
pe
an
 e
el
 A
ng
ui
lla
 a
ng
ui
lla
.
+
 =
 1
.7
1-
3.
44
%
+
+
 =
 5
.1
7-
8.
62
%
92
some Pseudomonas species have been
revised under new genera such as
Stenotrophomonas (formerly Pseudomonas)
maltophilia. Extracellular enzymatic activity
tests showed that the dominant microflora
have high alkaline and acid phosphatases and
lipase activity (Fig. 2). During February-March,
the distribution and variety of bacteria were
greater than during the rest of the sampling
periods (Table 1). In this study, Gram-negative
bacteria belonging to genera Pseudomonas
and Acinetobacter constituted the major flora
in skin/slime during all sampling periods.
Similar findings were reported for several other
species of fishes (Beri et al., 1989; Cahill,
1990). Gram-positive bacteria formed the low-
est proportion of skin flora; the majority of
Gram-positive bacteria were coryneforms and
cocci. Pseudomonas, Stenotrophomonas mal-
tophilia (formerly Pseudomonas maltophilia)
and Acinetobacter spp. are probably true resi-
dent microflora of eel skin. Citrobacter,
Proteus, Chryseobacterium, Sphingobacterium,
Aeromonas, Methylobacterium and Serratia
constituted a lesser proportion of the bacterial
skin flora of the eel.
The bacterial flora on newly caught fish
depends on the environment in which the
fish are caught rather than on the fish
species (Shewan, 1977). Fish caught in very
cold, clean waters have the lowest number
of bacterial flora, whereas fish caught in
warm waters have slightly higher counts.
Very high numbers, i.e., 107 cfu/cm2, are
found on fish from polluted warm waters. In
polluted waters, high numbers of
Enterobacteriaceae may be found. In clean
temperate waters, these organisms disap-
pear rapidly, but it has been shown that
Escherichia coli and Salmonella can survive
Ugur et al.
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Fig. 1.  Percent of skin microflora with morphological characteristic.
for very long periods in tropical waters and,
once introduced, may become almost
indigenous to the environment (Fujioka et
al., 1988). Previous studies reported that
Gram-negative bacteria dominate fish skins
(Cahill, 1990). Bacteria belonging to
Enterobacteriaceae are mostly related to
water quality (Nieto et al., 1984).
Bacteria on fish caught in temperate
waters enter an exponential growth phase
almost immediately after the fish have died.
This is also true when fish are iced, probably
because the microflora have already adapted
to the chilled temperatures. During ice stor-
age, bacteria double in approximately one
day and, within 2-3 weeks, reach 108-109
cfu/g flesh or cm2 skin. During ambient stor-
age, a level of 107-108 cfu/g is reached within
24 hours. The bacteria on fish caught in tropi-
cal waters often pass through a lag phase of
1-2 weeks if the fish are stored in ice, after
which exponential growth begins (Gram,
1990; Gram et al., 1990).
From the point of view of marketing and
aquaculture and based on previously report-
ed studies, we conclude that the microbial
flora of cultured eel change depending on
environmental factors but are the same as
wild forms. Because eel aquaculture is based
on the catching of elvers and small eels after
they relocate to freshwater basins, it is a pity
that no information exists about the skin
microflora of eel from different sources or
geographical areas. Further research is
required before final conclusions can be
drawn.
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